Form Approved

REPORT DOCUMENTATION PAGE OMB NO. 0704-0188

Public Reporting burden for this collection of information is estimated to average | hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this collection
of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway,
Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188.) Washington, DC 20503.

1. AGENCY USE ONLY ( Leave Blank) 2. REPORT DATE - 3. REPORT TYPE AND DATES COVERED

_ -~ 11 Dec 00 . FINAL 01 Mar 99 - 29 Feb 00

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Instrumentation for the Dynamic Response and Failure of Polymer Matrix

Composites DAAD19-99-1-0102

6. AUTHOR(S)

AM. Waas

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

University of Michigan - Ann Arbor

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER

U. S. Army Research Office
P.O. Box 12211 ARO - 39319.1-EG-RIP

Research Triangle Park, NC 27709-2211

11. SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision, unless so designated by other documentation.

12 a. DISTRIBUTION / AVAILABILITY STATEMENT 12 b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

Equipment was purchased to carry out experiments to characterize the dynamic response and failure of polymer composites under
dynamic compressive loads. A high speed framing camera with variable frames, instrumentation amplifiers for load cells, strain gage
signals, and high-speed data acquisition were purchases. Details are given in the report. The total budget with cost sharing was
$370,000. .

20010117 104

—
T ———
'DTIC QUALITY INCOTCTED 4
14. SUBJECT TERMS 15. NUMBER OF PAGES

16. PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OR REPORT ON THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev.2-89)

Prescribed by ANSI Std. 239-18
298-102




Instrumentation for the Dynamic Response and Failure
- of Polymer Matrix Composites

US-DOD-Department of the Army, Reference No: §9319-EG-RIP
Univ. of Michigan Project Grant ¥00110
Univ. of Michigan Account No. 038071

Pl
Anthony M. Waas,

Professor of Aerospace Engineering
Tel: 734-764-8227. o
Fax: 734-763-0578. EOEQW B
E-mail: dcw@umich.edu. ﬂ

C 20 2000
N

Dec. 11, 2000

Army Research Office Scientific Officer : Dr. M. Zikry




This document constitutes the final report on work carried out under ARO Grant 39319-
EG-RIP for the purchase of instrumentation that is necessary to carry out experimentation
for-the purpose of understanding and uncovering the dynamic response and failure of
polymer matrix composite materials under dynamic compressive loading. Specifically,
we purchased a high speed framing camera with variable framing rates and digital
capability, instrumentation amplifiers for amplifying load cell and strain gage signals for
the purpose of recording, a modern high speed data acquisition system for acquiring the
data signals at high rates(5 Msa/s) and also with the capability of performing large scale
operations on digital images, and a tetrahedron press for the in-house manufacture of the
composite samples. In addition, accessories that are needed to supplement the efficient
use of these pieces of equipment were also purchased. Table 1, shows the purchased
items and the costs associated with the purchases.

The research that the instrumentation will facilitate has three phases. In phase I, test
coupons (polymer based fibrous laminated composites) that have a circular cylindrical
shape and also flat plaque type coupons are manufactured in-house. These samples
contain fibers of different mechanical properties in the same polymer matrix material.
The ability to manufacture specimens of this type lends itself immediately to examining
the effect of fiber properties on the dynamic compressive response of such materials. In
addition, the effect of fiber volume fraction on the dynamic compressive response is also
equally important and is being currently studied. The tetrahedron press allows the
possibility of curing test samples under controlled pressure and temperature. Several,
currently popular matrix materials require a controlled temperature/pressure cycle for
proper processing. Such a capability is present in the Tetrahedron press. This capability
was used in manufacturing the samples. Furthermore, because of the high temperature
(600 degrees Celcius) curing capability, this press allows us to examine and experiment
with materials that have a very high glass transition temperature. Experiments with such
materials is planned for the near future. In phase two, the specimens are loaded
dynamically using the SHPB and the NSWC, thereby characterizing the strain rate
dependency and the mechanism of failure and how the mechanisms are influenced by
constituent properties and microstructural detail. In this manner, information about the
constituents are obtained in a consistent manner, which enables the development of

associated mechanics models for assessing dynamic compressive strength.




The experimental work that that the instruments facilitate is currently underway. For the
research component of this work, the PI has received funding from the ARO under a
separate grant (Compressive Failure of . Several papers and presentations stemming from
this.research have been made and/or are slated for future publication. These are given

below:

1) S.H.Lee and A. Waas, "Compressive Failure of Unidirectional Composites”, Int. J. of
Fracture, vol. 100, pp275-306, 1999.

2) S.Lee, Chandra S. Yerramalli and Waas, A. M. “Compressive Splitting Response of
Glass Fiber Reinforced Unidirectional Composites”, accepted to appear, J. Composites
Science and Technology, 2000

3) Chandra S. Yerramalli and Waas, A. M. “Compressive Splitﬁng Response of Glass

Fiber Reinforced Unidirectional Composites using a Shear Lag Approach”, in review,
Int. J. Fracture, 2000

4) Chandra S. Yerramalli and A. Waas, "In-situ static matrix properties obtained from
torsional response of glass fiber and carbon fiber polyester composites ", in review,
ASME J. Engineering Materials and Technology, 2000.

5) Chandra S. Yerramalli and A. Waas, "In-situ dynamic matrix properties obtained from
dynamic torsional response of glass fiber and carbon fiber polyester composites™, in
preparation, to be submitted to ASME J. Engineering Materials and Technology, 1999.

6) Y. Chandrasekar and A. Waas, Torsional and Combined Load Response of Glass Fiber
and Carbon Fiber Vinyl Ester Composites, Soc. Engineering Science Meeting, Univ.
of Texas at Austin, Sept. 1999.

7) Chandra S. Yerramalli and Waas, A. M. “Compressive Splitting Response of Glass
Fiber Reinforced Unidirectional Composites using a Shear Lag Approach”, to be
presented at AIAA SDM Meeting, April 2001.

The above publications serve the purpose of disseminating the research work that the
purchased equipment facilitate. In addition to the above publications, several other
ongoing research programs have also benefited from the purchased instrumentation.
Thus, the purchased equipment serves the purpose it was intended for as well as
supplement additional research work conducted by the PI and his associates. Table 1
shows the purchased equipment.




Table 1

UM. Cost sharing Funds: $44,000.00
US-DOD —ARO Funds: $325.600.00
Total Cost of Purchases: $369, 147.05
Total Budget: $370,000.00

Item No. Item description Price

1 Data Acquisition System, $31,960
with image processing
capability. Dual Pentium II
Xeon Class

2 Vishay Signal Amplifiers $20,804
and Conditioners with
Signal Processing Software

3 Kodak 4.2.1 Mega Plus $37,995
CCD Camera

4 National Instruments Data $6,316
Acquisition Cards

5 4 channels of high speed $3,215
data acquisition

6 Variable Framing Rate $220,000
Cordin Digital Camera
HP Infimum Oscilloscope $11,397
Questar Imaging Lens $4,494
Tetrahedron Press $20,274

10 Portable Field Image Data $5,792
Acquisition System

11 Small Oven for Curing $4,315

12 50 GB Hard Drive for Data $2,585.05

Storage and other

accessories




